
i 

Accelera tor  Department 
EN NATIONAL LABORATORY 
t e d  U n i v e r s i t i e s ,  Inc .  

ic Upton, L . I . ,  N.Y. 

' Y  *"" . 4 ,  "'' AGS DIVISION TECHNICAL NOTE 

No. 52 

U. Vogel 
/'- May 17, 1968 

REMANENT FIELDS AND THEIR LONGITUDINAL 
AXIS I N  AGS DEFLECTION ELEMENTS 

The r ecen t  replacement of  a skew quadrupole a t  s t r a i g h t  s e c t i o n  

E15 enabled us  t o  measure t h e  magnetic f i e l d s  about t h e  c e n t e r  of t h e  

quadrupole. 

measurements wi th  impl ica t ions  t o  AGS i n j e c t i o n .  

The purpose of t h i s  no te  i s  t o  p re sen t  one r e s u l t  of t h e s e  

The skew quadrupoles r e q u i r e  a t  present  c u r r e n t s  of t h e  order  of 

.5 ampere i n  order  t o  opt imize t h e  beam a t  i n j e c t i o n .  These c u r r e n t s  

correspond t o  quadrupole g rad ien t  compensations of t h e  order  of 1.0 
0 

gauss/ inch.  

t h e  previous and t h e  newly i n s t a l l e d  quadrupoles a t  E15. 

Such remanent f i e l d s  were expected and were measured i n  both 

It w a s  found 

t h a t  due t o  asymmetries t h e  l o c a t i o n s  of t h e  l o n g i t u d i n a l  a x i s  of t h e  

remanent f i e l d s  depend on the i n d i v i d u a l  h i s t o r y  of a quadrupole and on t h e  

compensation cu r ren t  through i t s  c o i l s .  The coord ina tes  of t h e  above 

axis are shown i n  Fig.  1. Also shown i n  t h i s  f i g u r e  are t h e  quadrupole 

f i e l d  vec to r s  a t  t h e  r e s p e c t i v e  p o i n t s .  Comparing t h e  previous wi th  t h e  

newly i n s t a l l e d  quadrupoles it was found t h a t  t h e  remanent f i e l d  of t h e  

f i r s t  one had had a cons iderably  g r e a t e r  asymmetry and wi th  a noticeab,%e 

sextupole  f i e l d .  A comparison between t h e s e  two quadrupoles is  shown i n  
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Considering t h e  dependence of t h e  two parameters,  l o c a t i o n  of axis 

and magnitude of quadrupole f i e l d ,  on t h e  compensating c u r r e n t  one comes 

t o  t h e  conclusion t h a t  two parameters  are  needed i n  a proper a p p l i c a t i o n  

e 
of  a quadrupole as a compensating element. This  can be done by sending 

cu r ren t  through a l l  t h e  elements '  c o i l s  and another  source of cu r ren t  

through ad jacen t  d i p o l e  c o i l s .  An a l t e r n a t i v e  way would be t h e  a p p l i c a t i o n  

o f  two independent cu r ren t  sources  t o  d i f f e r e n t  c o i l  groups of  t h e  same 

quadrupole (more than  two sources  would be requi red  when t h e  t r a n s v e r s e  

axis have a l s o  t o  be r o t a t e d ) .  This  method i s  q u i t e  p r a c t i c a b l e  and 

possesses  t h e  advantage t h a t  t h e  c o r r e c t  p ropor t ions  of t h e  d i f f e r e n t  com- 

pensa t ing  c u r r e n t s  can be determined independent of beam performance a t  

i n j e c t i o n .  The c e n t e r  and i n t e n s i t y  o f  t h e  f i e l d  could be determined by a 

s imple magnetic measurement technique without  i n t e rge rence  wi th  t h e  opera- 

t i o n  of t h e  machine. This  would then  leave  only one independent parameter 

t o  vary  i n  t h e  beam opt imizing process .  

The remanent f i e l d s  of a l l  elements around t h e  r i n g  are as ye t  unknown. 

It seems adv i sab le ,  t h e r e f o r e ,  t o  p l an  a remanent f i e l d  survey program t h a t  

could be  c a r r i e d  out  a t  some f u t u r e  shutdown of t h e  AGS. This  should 

lead  even tua l ly  t o  a b e t t e r  beam i n  t h e  a c c e l e r a t o r  s ince ,  as w e  have seen, 

unknown remanent f i e l d s  involve  equiva len t  unknown s h i f t s  i n  magnet p o s i t i o n s  

a compensation of which i n  a multiparameter system by means of measured 

t o t a l  performance i s  l imi t ed  by measurement accuracy. 
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F i g .  1 Axis and f i e l d  g r a d i e n t s  of skew quadrupole  a t  E 1 5 .  Axis 
i s  d e f i n e d  a s  p o i n t  of z e r o  f i e l d .  X ,  Z i s  a system of 
c o o r d i n a t e s  whose o r i g i n  i s  w i t h i n  100 m i l s  of t h e  p h y s i c a l  
cen ter  of quadrupole .  




